Abstract: The paper presents results of temporal and spatial variation of nitrates in streamwater in the small mountain catchment of the Jalovecký creek, the Western Tatra 
Introduction
Nitrogen is one of the main atmospheric components influencing ecosystems. It is a major nutrient in terrestrial ecosystems and an important catalyst in tropospheric photochemistry. Nitrogen cycle perturbations have compromised air quality and human health, acidified ecosystems, and degraded and eutrophied lakes and coastal estuaries (Holland et al., 2005) .
Proven effects of perturbation in nitrogen cycle have resulted in numerous monitoring programmes, especially in large rivers or agricultural catchments. Monitoring of water chemistry in mountains and small catchments is not so frequent despite the fact that they provide insights into processes relating to the hydrology, climate and geochemistry of fragile mountain ecosystems (Peterson et al., 2005; Bowman & Seastedt, 2001) .
Central Europe was subjected to high increase of the emissions of various nitrogen species after the World War II. Agriculture has become another important source of nitrogen in populated areas. Drastic changes in industry in central Europe after 1990 lead to the reduction of N emissions by 30%. At the same time, the economic changes lead to decreased application of fertilizers in agriculture. That all influenced also the concentrations of nitrates in streams (e.g. Pekárová & Velisková, 1998) . Kopáček et al. (2001) pointed out that published trends in water chemistry provide the only information on changes in composition relative to changing atmospheric depositions. The same holds for the influence of agriculture and population. Monitoring of water chemistry is thus an important tool to assess the effects of human activities in hydrological cycle.
The objectives of the work presented in this paper were (1) to study the temporal and spatial variation of nitrates in the stream draining the small mountain catchment, (2) compare measured concentrations with previous results from the time of high emissions and (3) hypothesize on the sources of nitrate in mountain stream.
Material and methods
Water samples were collected in the mountain catchment of the Jalovecký creek, north Slovakia between October 2003 and April 2005. Catchment area is 46 km 2 . The Jalovecký creek drains two contrasting areas (Fig. 1) . The upper part of the catchment (22. Concentration of nitrates in water samples was determined by a certified methodology using colorimetry. Detection limit of the analytical method is 1 mg L −1 . Supplementary hydrological and climatic data (discharge, snow water equivalent, air temperature, precipitation) was measured in the catchment.
Results and discussion
Seasonal variations of nitrates at the two main sampling sites are shown in Fig. 2 . Discharge shown in Fig. 2 should serve as a proxy of catchment wetness conditions that influence leaching of nitrates into the creek.
It is obvious that the highest concentrations, especially at the site "Valley" were observed in spring during snowmelt. Concentrations at both sites were rather similar for about 7 months (May to November). Autumn concentrations (between September and mid October) were rather often below the detection limit. The differences between the two profiles during snowmelt were remarkable. Very high concentrations of nitrates at sampling site "Valley" in February and end of March indicate connection with human activities. Concentrations at the site varied from less than 1 mg L −1 to 22.8
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L. Holko et al. mg L −1 . The highest concentrations at the sampling site "Mountains" which is not affected by human activities were much smaller. They varied between less than 1 mg L −1 and 3.09 mg L −1 . It can also be seen that the maximum values at the site "Valley" occurred during snowmelt while at site "Mountains" concentrations with similar magnitude occurred also at the end of May.
Short time variations during snowmelt at the site "Mountains" are shown in Fig. 3 . It can be seen that the concentrations can vary rapidly. Longer sampling interval, e.g. weekly or monthly might therefore not be appropriate to capture the realistic variation of nitrates during snowmelt. Figure 3 also shows that the concentrations at the beginning of the 1990's (approximately the time of maximum emissions) were in a few cases higher than in 2004 and 2005. Unfortunately, there is not more data from the beginning of the 1990's available. It is therefore not possible to conclude if the concentrations at the outlet from the mountains (upstream area almost unaffected by human activities) decreased over the last decade.
Concentrations of nitrates during snowmelt along the creek are shown in Table 1 . They indicate two phenomena -increasing influence of human settlement -upstream area of site 1 is uninhabited, site 2 is just below the first small village, site 3 is surrounded by two other villages, one of them being relatively large, site 4 is situated in the city suburb, -relationship between snowmelt and nitrates -the snowmelt started in the catchment on 17 March (see discharge in Fig. 3 ). First phase of snowmelt (end of March -beginning of April) was associated with increased concentrations of nitrates. The concentrations were then diluted by the large amount of water during the main phase of snowmelt that began on 13 April. fall occurs after a relatively long dry period. Such an event occurred on 13 August (Fig. 4) . Heavy rainfalls at the end of July resulted in high discharge. First decade of August was relatively dry and the discharge was falling (Fig. 2) . The more important storm occurred on August 13. Although there was little rainfall in the night at higher elevations (at 4-5 o'clock), the more intensive rainfall came just before 6 a.m. About 3-8 mm of rainfall that fell within 10 minutes resulted in almost immediate increase of runoff. Runoff peak occurred at 8.10 a.m., i.e. about two hours after maximum rainfall and about an hour after the end of the main rainfall event. Concentration of nitrates before the event (on 10 August) was 1.06 mg L −1 . Manual sampling did not allow us to be present at the site at the beginning of the event, but the first sample indicated dilution effect of storm water. Later the concentrations of nitrates were gradually decreasing. Electrical conductivity (EC) was relatively small at peak runoff and started to increase after the peak. Similar increase was observed also on the next day around midday. The amount of water conductivity data does not allow us to conclude whether it was part of regular diurnal variation or reaction on another event that came on 14 August in the afternoon. Isotopic data (increase of δ 18 O) indicate that it could have been the reaction on the small rainfalls that occurred before midday. Purpose of sampling of the stream water for natural isotope of 18 O was to infer about the source of nitrates in the stream, i.e. associate changed concentrations of nitrates with either event or pre-event water (e.g. as shown in small agricultural catchments by Doležal & Kvítek, 2004 According to the two-component hydrograph separation (e.g. Sklash & Farvolden, 1979; Genereux & Hooper, 1998 ) the contribution of pre-event water to total runoff was about 90%. It seems that higher preevent water fractions were connected with higher concentrations of nitrates, but there were very few samples available to prove it. Nevertheless, Fig. 4 shows that, -reaction of catchment runoff to precipitation is rapid and nitrates concentrations in the stream respond to rainfall events -automatic sampling is necessary to study the precipitation-discharge-water chemistry relationships during rainfall-runoff events -measurements of several characteristics are helpful in explanation of the important processes.
To conclude, our data showed that the highest concentrations of nitrates in the stream water as well as the highest differences between the two sites with different human activities occurred during the snowmelt. Variation of concentrations at the beginning of the snowmelt was rather fast. Therefore, weekly sampling during the snowmelt period could lead to biased conclusions as far as the maximum concentrations are concerned. Comparison of nitrates concentrations in water samples collected in the mountains (no population) with the samples collected in populated area (rural area with agriculture) clearly confirmed the influence of human activities on water chemistry.
